Descriptive epidemiologic studies of Type 1 (insulin-dependent) diabetes in Europe have provided divergent estimates of incidence rates, secular trends and seasonal variation of onset [1] [2] [3] [4] [5] . Although some of the variability may be attributable to differences in methodology, comparisons of Type 1 diabetes incidence among countries [1, 2, [4] [5] [6] [7] suggest that environmental exposures and/or ethnicity are important to etiology. Another line of evidence suggesting a role for environmental exposure in the development of overt diabetes is the seasonal onset described in population-based studies [1] [2] [3] 8] .
Relatively little incidence data have been published from North America. Previous hospital-based studies [6, 7] which were similar in methodology to European studies have provided some basis for comparison. We undertook a hospital-based incidence study of Type 1 diabetes mellitus in two area of Wisconsin, USA, to examine incidence and seasonal onset in this region. Our study additionally addresses Type 1 diabetes in rural USA populations.
Subjects and methods

Subjects
Denominator population. A hospital-based records study was carried out retrospectively for the period 1970-1979 in two Wisconsin (upper Midwest) counties, Dane and La Crosse. Dane County, in south central Wisconsin, covers an area of 1,233 square miles (3,194km 2) and contains the state capital, Madison; La Crosse County is in western Wisconsin and covers an area of 474 square miles (1,228 kin2). Both areas contain three types of municipalities (political/geographical boundaries) -cities, villages and townships -with population densities ranging from 10 to 1,855 persons per square mile (4-716/km 2) in Dane County and from 9 to 1,590 persons per square mile (4-614/km ~) in La Crosse County. Villages and townships are mostly agricultural, but also serve as housing areas for those working in cities. Populations in both counties are primarily of northern European ancestry and are 97% Caucasian [9] .
Base population estimates for each county and municipalities within each county were interpolated from 1970 and 1980 U.S. Census reports [10, 11] . Two adjustments have been made to census figures to improve accuracy of denominator population estimates. First, since both counties include college populations represented in the census and diabetes diagnosis is possible in this group while school is not in session, data were obtained from each college to identify the proportion of students who were not permanent residents of either county. These non-resident college populations were subtracted from appropriate sex and 5-year age groups in the census figures, and nonresident students were not included as cases. Secondly, because cases were drawn from hospitals only, the proportion of residents in each study county utilizing a hospital outside the county (less than five percent in each region) was identified from the 1976-1977 Wisconsin Hospital Discharge Survey [12] and omitted from base population estimates. Therefore, the population base represents white permanent residents within each study county who utilize hospital facilities contained within its boundaries.
Urban populations were distinguished from rural on the basis of both the total population count and population density of municipalities. The two municipalities with the largest population counts, the city of Madison and the city of La Crosse, were also the only major population centres. Their mean populations for the study period were 171,153 and 49,220 respectively [10, 11] . No other municipality exceeded a population of 10,000 persons. Any municipality adjacent to the cities of Madison or La Crosse with a similar population density (i. e. greater than or equal to 1,000 persons/square mile, or 386/km 2) was included with these two cities to comprise the urban boundaries. All other municipalities were considered rural.
Numerator (cases). Record searches using hospital disease indices were carded out at all five community hospitals in Dane County (four in Madison) and both community hospitals in the city of La Crosse. All white patients aged 0 to 29 years, admitted from 1970-1979 and discharged with a primary diagnosis [13] of newly diagnosed diabetes mellitus requiring insulin therapy, were identified as new cases. Date of diagnosis was taken as the first day of exogenous insulin administration. Non-permanent resident college students identified from the admission data sheet and social history were eliminated. Cases residing outside county boundaries were excluded from the incidence estimates of this study.
Methods
Health care patterns and case ascertainment. The cities of Madison and La Crosse contain major medical facilities recognized as centres of health care for their areas and surrounding areas in the state. Health care is centralized within each county in that all general hospitals except one 70-bed hospital are located in Madison and the city of La Crosse, and more than half of the smaller clinics outside either city are affiliated with Madison or La Crosse clinics. The closest major medical facility outside either county is more than 60 miles (97 km) from the study boundary.
The method of case ascertainment was evaluated by a mailed questionnaire to all paediatricians, general and family practitioners in each county, as well as each patient's attending physician. The questionnaire response rate was 84 percent: 81% among physicians in urban areas and 96% among physicians in rural areas. Physicians were asked to characterize their practice as "always, usually, sometimes or never" hospitalizing patients at the time of Type 1 diabetes diagnosis. Among physicians treating Type 1 diabetic patients during 1970-1979, 86% (all specialties) reported that they "always" hospitalized patients at onset. Only one paediatrician indicated "sometimes" hospitalizing at onset. Physicians also were asked to specify if they had treated any new patients during 1970-1979 on an outpatient basis at disease onset: 13.6% of physicians at clinics in urban areas and 10.5% of physicians in rural areas reported they had. No physician reported referral of cases to hospitals outside either county. Ascertainment by hospital records is estimated at greater than 90% for ages 0 to 19 and about 75% for ages 20 to 29 based on calculating the frequency of outpatient treatment at diabetes onset (mailed physician questionnaire) by physician specialty. All assumptions made to estimate ascertainment were conservative; since external validation has supported this method of hospital case finding previously [1, 7] we conclude that the rates we report accurately reflect the occurrence of Type I diabetes in the regions studied.
Statistical analysis
Direct age and sex adjustment was done using as the standard the average 10-year county and municipality population estimates based on the 1970 and 1980 U.S. Census reports [11, 12, 14, 15] . Statistical analysis for secular trends was done by linear regression [t6]. Statistical analyses of monthly seasonal diagnoses were done using St. Leger's test [17] .
Results
Incidence
For the period 1970-1979, 307 newly diagnosed patients with Type 1 diabetes mellitus aged 0 to 29 years, of whom 268 resided within county boundaries, were identified. Of these 268 cases, 209 (78%) resided in Dane County and 59 (22%) in La Crosse County (Table 1) . Incidence rates between urban populations of each county and rural populations of each county were comparable, and age-adjusted incidence rates for the two counties were found to be identical at 14/100,000. Therefore, the data from both areas were combined in the following analyses.
Males comprised 57.5% of the cases identified (Table2) and their age-specific incidence rates exceeded those among females in every 5-year age group. [18] . Peak incidence of Type I diabetes occurred among males age 10 to 14 years, and the next highest rate was among females of the same age range. A steadily increasing gradient with age to peak incidence was seen for both sexes, with a sharper decline among females following the peak. Mean age at diagnosis was 14.0 years for males and 13.8 for females.
No statistically significant temporal differences -either a linear trend or deviation from mean distribution -for the 10-year period were observed among males, females or total cases. Yearly age-adjusted incidence rates ranged from 6.6/100,000 among females in 1972 to 21.0/100,000 among males in 1976 (Table 3) .
Age-specific incidence rates among urban males were consistently higher than among rural males (Table4). For both the 0 to 14-and 15 to 29-year age groups studied, urban males had approximately 4 cases per 100,000 more than rural males (p>0.10) [18] . Among urban and rural females, rates showed no consistent differences and did not vary as widely as between urban and rural males.
Seasonal variation
Seasonal trends for the month of diabetes diagnosis were observed for the total 307 cases (268 county residents plus 39 non-county cases) identified. Aggregation of diagnoses occurred in the fourth quarter, in which 95 cases (31%) were observed. A smaller peak was observed in early spring. Among subgroups studied (by 5-and 10-year sex-specific age groups), aggregation of diagnoses occurred only in males aged 10 to 19 years, with 38% of cases diagnosed in the fourth quarter of the year. A smaller peak similar to that for the total cases occurred in March. Seasonal trends were significant for total cases and males aged 10 to 19 years (p =0.05).
Analyses of all cases except males aged 10 to 19 indicates that this subgroup explains the seasonal variation found for the group as a whole. Monthly diagnoses among females were highly variable for each age group studied, and no aggregation of diagnoses was observed. Females aged 10 to 19 years showed an even quarterly distribution. A striking difference in seasonal variation by month of diagnosis was observed between urban and rural cases residing in the two study counties (Fig. 1) . Constant incidence among urban cases contrasted with a summer increase and late fall peak among rural cases. Urban residents had an almost uniform quarterly distribution of diagnoses (26, 25, 22, 27%, respectively) while 38% of rural cases occurred in the fourth quarter. Quarterly distributions between these two groups were significantly different (Z2,0.025 < p < 0.05). There were no significant differences in urban-rural case presentation with regard to admission blood glucose, venous bicarbonate or carbon dixide (t test) or ketonaemia [18] .
The fourth quarter peak observed among rural males aged 10 to 19 years was even more pronounced Table4. Age-specific and age-adjusted incidence of Typel diabetes cases in urban versus rural Dane and La Crosse counties, Wisconsin, 1970 Wisconsin, -1979 ( Fig.l) . Fifty-two percent of cases occurred in the fourth quarter for this subgroup. Although this seasonal pattern was not observed for urban males age 10 to 19 years, quarterly distributions between these two subgroups were not significantly different (Z2,0.05 <p < 0.10).
Seasonal variation by month of diagnosis was significant among the total rural cases (p < 0.005), but not among rural males aged 10 to 19 years (0.05 < p < 0.10).
Discussion
Our study addresses two areas of inconclusive Type 1 diabetes epidemiology, incidence and seasonal onset. A number of studies have been published recently that have improved on methodological problems which compromised earlier incidence estimates [1, 2, 4, 6, 7] . Even among these, differences in methods and age groups studied make the variation in incidence observed difficult to evaluate. In case definition, ascertainment methods, and age groups studied our data most closely parallel those reported from Denmark [1] and show good agreement in age-adjusted rates. Studies from Allegheny County [7] and Norway [2] found slightly higher age-adjusted rates that probably reflect the younger populations studied (0-19 years in Allegheny County and 0-14 years in Norway). Age-adjusted rates for Denmark and Allegheny County recalculated using the standard population from our study (Table 5) show little difference in Type 1 diabetes incidence rates. Neither Allegheny County or the two Wisconsin counties studied have large Scandinavian populations, but these counties are predominantly northern European in ancestry with at least half of Germanic heritage [9] . In contrast, the incidence rate observed in Montreal, a city of French heritage (8.8/100,000) [4] , differs markedly.
Inter-country differences in Type 1 diabetes rates may be partially explained by gene pools [19] . The general finding of an increase in diabetes incidence from southern to northern Europe can be applied to Allegheny County, Wisconsin and Montreal. Incidence rates compare well with the predominant ancestries of these North American populations: Allegheny County and Wisconsin with Northern Europe, and Montreal with France [19] . A less compelling explanation for a gradient in incidence rates is variability in climate. Wisconsin has both hotter summers and colder winters than Northern Europe, but the incidence rates compare closely.
Regional differences have been reported in Norway, Sweden and Finland [2] [3] [4] . Our study shows higher, but not significantly different, incidence rates for urban cases. Although the above studies did not characterize cases as urban or rural, it appears that increased incidence rates were found in the more densely populated areas. This intra-country variability in rates is not likely explained by local differences in gene pools and suggests a role for environmental factors. Our finding of seasonal variation in diabetes diagnoses among rural but not urban cases adds a dimension that has not been reported previously. There were no differences in urban-rural case presentation based on selected laboratory tests to suggest that rural cases delayed their diagnoses to a particular time of year.
One explanation of seasonal diagnoses is an association with infectious agents that vary seasonally [20, 21] . However, this necessitates a subsequent explanation of why it is unique to rural and not urban cases. It may be that multiple precipitating or initiating environmental exposures affect urban cases making seasonal variation inapparent.
Finally, our finding of a higher incidence of diabetes in males has been reported by others [1] [2] [3] 5] . Our malefemale incidence ratios for the six age groups respectively (1.21, 1.01, 1.42, 1.94, 1.27, 1.68) compare closely to those observed in Denmark (1.04, 1.02, 1.13, 1.81,  1.16, 1.68) [22] . Increased rates of illness among males is a common finding in infectious disease. On the basis of virus antibody studies and seasonal onset of disease, an association of infectious agents with the onset of Type 1 diabetes has been suggested. However, a role for infectious agents would need to be identified along with the already firmly established importance of genetic predisposition [23] [24] [25] . Our study suggests that future epidemiologic investigations of Type 1 diabetes etiology should incorporate specific characterizations of urban and rural populations into a genetic-environmental exposure framework.
